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P Hr3 Neutrino

J =+ 1%
(nucleus)

The nucleus takes up
99.95% of the mass




P Hr3 Neutrino

Proton-proton fusion chain process
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~ 1st step: In two separate reactions, 2 protons
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Photo from SOHO, hitp://sohowww.nascom.nasa.gov/explore/




A ATE (Supernova)

NGC 2392 « “Eskimo” Nebula

Hubble Space Telescope * WFPC2 »
 hotos conriess TSTNASA Planetary Nebula NGC 7027  HST - WFPC2
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the at the Danish National

Library of Science and Medicine -
"On the 11th day of November in the evening after sunset, I was contemp[atmg the starsin a

clear sky. I noticed that a new and unusual star, surpassing the other stars in brilliancy, was
shining almost directly above my head;... A miracle indeed, one that has never been previously

seen before our time, in any dage since the beginning of the world."”
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Oxvgen ,3: 65

Carbon E}l\ 18

Hydrogen @ 10

Nitrogen % 3

Calcium 4 1.5

Phosphorus 1.2

Potassimm 4 0.2

Sulfur yant 0.2

Chlorine z 0.2

Sodim fq?\ 0.1

Magnesium 4 ES 0.05

Iron A% ~ 34

Cobalt. Copper. Zinc, Iodine |< 0.05 each

Selenium, Fluorine < 0.01 each

From R, Chang, Chemistry, 9" Ed., McGraw-Hill.
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X B & (Compact stars)
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Crab Nebula . '
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PRCBE-23a - 5T Scl OPO - May 30, 1886 HST 2 WFPCE

J. Hester and P Scowen (AL State Univ.) and NASA

Photo courtesy NASA/STScI
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Dark Energy
Accelerated Expansion
Afterglow Light -

Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, elc.
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Homestake mine Raymnd Davis Jr.
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310 —y 3 [ 2002 Nobel Prize in Physics: “for pioneeri
Vv, + Cl=°"Ar+e ?\fo el Prize in Physics for piongering
contributions to astrophysics, in particular

for the detection of cosmic neutrinos”
Photos from Brookhaven National Lab
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1 for the detection of cosmic neutrinos”
Drawing from Superkamiokande
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Photos from Icecube homepage

Ice Cube
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¢ P+ & & (Neutrino Oscillation)
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Big Bang in the lab
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common view LNGS

BCT target d:ecay tu nnef

baseline = (TOF )

T. Adam et al., arXiv 1109.4897 (2011) 5t=TOF_-TOF,
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OPERA experiment
_ | 40n L
(v-c)/c = 8t /(TOF, - 8t) = (2.48 + 0.28 (stat.) + 0.30 (sys.)) x10™.
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T. Adam et al., arXiv 1109.4897 (2011).
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Eta Carinae HST »- WFPC2
PRCO&-23a - T Sl OPO - June 10, 1846
J. Morse (U. CO), K. Davidsan, (U, MN), NASA
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X-Ray (NASAICXCISAOQ) Optical (NASA/HST/) . Morse/K.Davidson)

Radio (ACTAIS.White et al) Infrared (E.Polomski, U.Florida/CTIO)



